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Executive Summary 

This project was originally funded for a two-year period but was reduced to a single year 
due to the budget crisis of the State of California. With the seed money provided by one 
year of funding, we have developed a reliable assay for "attractant and repellent" 
compounds from root exudates. The assay is sufficiently robust to accommodate 
behavioral responses that are taxes, kineses or both. 
With the current funding, our approach has been mainly reductionist. We have tested 
individual extract components, primarily flavonoid and phenolic compounds. Since the 
attractant signal of roots to nematodes could be a mixture of molecules, we are currently 
testing the effect of combinations of molecules of different chemical structure, which 
may be detected by the nematode at different chemoreceptor sites. Both attractant and 
repellent compounds are  of interest. Attractants allow the strategy of confusing 
nematodes by providing an array of blank signals; repellents suggest the possibility of 
negating attractant forces in root exudates. Any signal that either confuses nematodes so 
that they are unable to find plant roots, repels them from roots, or attracts them to 
unfavorable regions of  the soil will potentially provide strategies that are alternatives to 
the use of large volumes of toxic pesticides in soil systems. 
With the unavailability of Ca DPR  funds, this research will be continued using funds 
from other sources, but at a lower level of activity. 
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Introduction 

worldwide (Oka et al, 2000). Control with nematicides  has  serious  drawbacks, including 
short-term  management  problems  and  long-term  environmental  problems. Since the 
target organisms are dispersed  through the soil volume  and their precise location 
unknown,  large volumes of chemical are applied  with  most of the toxicant molecules 
never encountering target  nematodes. A solution is to have the nematodes move to the 
nematicide  using the same principles of chemotaxis by which they so effectively locate 
plant  roots.  Discrete, terminal bait  stations, i.e. traps, containing limited amounts of 
natural  products, or even  conventional  nematicides,  would  be preferable to most current 
nematode  management  schemes. To achieve this goal,  however,  fundamental 
information on the chemical control  of  nematode  behavior is needed. By defining the 
natural  chemical forces operating on nematodes, we can  help  develop both short-term 
solutions in the form  of a trap  and  longer-term  solutions  based on plant genetics. 

Objectives 

Nematodes cause an  estimated US$lOO billion  in damage to agricultural crops 

1. Identify nematode behavioral cues (e.g. attractants  or repellents) in root  exudates. 
2. Identify new natural nematicidal  compounds. 
3. Combine a natural attractant  and a nematicide  into a nematode trap. 

Premise 
Several categories of natural  products are associated primarily with plants and are 

identified  in  root exudates (Table 1) (Graham, 1998). They include amino compounds, 
organic  acids, carbohydrates, phenolics,  flavonoids,  enzymes,  nucleotides,  chalcones, 
fatty acids, sterols and other miscellaneous  compounds. Of these,  flavonoids  and 
phenolics  seemed likely candidates as plant signature  compounds  for nematodes due to 
their known effects on other  organisms,  both  as  attractants  and defense mechanisms. 
They  were  selected  for initial study. 

Table 1: Root exudate components of various plants with references to information 

roline;  (8,16,23,46,50) 
methionine; (8,16,23,46,50) 

lmalonic  acid; (8) 
12-ketogluconic  acid; (38) 



7 

A d ;  (8,29,37,47) 
,citric  acid; (37) 

1 ... acid; (29,47) 

' ' 
acid; (29) 

salicylic acid; (54) mcose;  (8,16,29,38,46 
-hydroxybenzoic acid;  (4,9,41,54) 

~~ ~ 

vanillic acid; (4,41,54) 
syringic acid;  (4,15,52,54) 
4-methoxyindole-3-acetonitrile; (54) Iribose; (X,40,4/,4xJ 

Im; 
ga 

pyrocatechol; (54) 
coumesterol; (9,43,44) 

xylose;  (8,38,46,47) 

caffeic  acid;  (18,26) 
p-thiocyantophenol; (56) 

ar; 

2-hydroxybenzothiazole; (56) 
ral 
oli 

3,4-dimethylbenzoic  acid; (52) m. 
benzoic  acid; (18,29,52,56) 
phenylacetic acid; (52) 

de 

rhamnose: 18-46) 

SU 

- 

\-, .-, 
abinose;  (8,29,46,47) 
tinose; (8,46) 
igosaccharides; (8,46) 
yo-inositol; (50) 
oxyribose; (8) -:1 

(18,52,56) 
' cetic acid; (52) 



8 

Our preliminary tests suggested that Meloidogyne javanica juveniles are 
significantly attracted to 4’,7-dihydroxyflavone at 100 nM concentration, however, that 
result proved difficult to duplicate in subsequent tests (Table 2), which led us through an 
evolution of methodology. 



Results 

Preliminary  Methodology Tests 

Racetracks 
In previous and initial studies, we conducted chemotaxis assays on "nematode 
racetracks", grooved microscope slides which accommodate strips of 1% agar, modeled 
after a design by Castro et al. (1989). Nematodes are concentrated in a groove where, in 
principle, they can only move in two directions: toward or away from the test compound. 
In practice, we noted a strong tendency for nematodes to move upward, out  of the groove, 
and aggregate on the dry slide surface, even if covered with a coverslip. After several 
months of attempting to modify the protocol, we  abandoned this approach as unreliable. 

Center spots 
A  second methodological iteration was to place the nematodes in the center of a petri 
dish, the test solution at one side and  a control solution at the other. Arcs were inscribed 
on the base of the dish with radii centered on  the test and control spots. Nematode 
abundance in each arc was determined periodically. A problem with this method was 
apparent lack of detection of the signal, or lack of response to the signal, across the radius 
of  the petri dish. The majority of nematodes remained close to the center of the dish. 

Line  transects 
In this method, the test chemical was mixed into melted agar and poured into the dish. 
After setting, the agar on one side of the dish was removed  and replaced with agar not 
treated with the chemical. A groove was melted across the surface of  the agar at the 
interface. Nematodes were distributed across the groove and their abundance in both 
halves of  the dish was determined periodically. This method attempted to build on our 
observation that nematodes tend  to climb out of a groove (see racetrack method) and  to 
recognize that the response to the stimulus could be either a kinesis or taxis or both. So, 
nematodes climbing out of the groove may undergo different kinetic behavior on either 
side of the dish and remain in that sector or move out. 

Table 2. A summary of tests of flavonoids as chemical attractants of nematodes using the 
racetrack,  center  spot and line transect methods. Attraction percent is the abundance of 
nematodes in proximity of the test chemical relative to those in proximity of a water 
control, discounting nematodes that did not move. The data were quite variable, 



10 

Arena  Assembly  Method  Testing 
A taxis is directed movement of an organism towards or away from a stimulus. A kinesis 
is a change in the rate of activity, or frequency of turning  of  an organism in the presence 
of a stimulus. Reduced activity or more frequent  turning  can result in aggregation near 
the stimulus. All of the above methods test primarily for taxes as the nematodes start at 
some point remote from the chemical. We recognized that kinetic responses might also 
be involved, which resulted in subsequent modification of technique. 
The arena assembly method is our current protocol (Fig. 1). It tests both tactic and 
kinetic responses. Concentric circles are scored on the base of a petri dish at  1.5  and 3.5 

Drop Zone Fig. 1. Arena assembly template for testing tactic and 
A,ea of kinetic responses of nematodes to root exudates and 

l n f l ~ n c e  substances of plant origin. 

cm from the center. Eight circular "drop  zones" are scribed, equal intervals apart, within 
the two circles. The drop zone circles are separated by eight lines radiating from the 
center of the dish to form sectors of "areas of influence" around each drop zone. 
Nematodes are distributed on  the surface of the dish and  allowed sufficient time to move 
randomly. Initial concentrations of nematodes in each drop zone and arena of influence 
are determined. The desired concentrations of test chemicals and controls are spotted in 
5p1 in the drop zones. 
Dishes are sealed with parafilm to prevent further drying  and placed in  the dark. 
Nematode abundance in the drop zones and arenas of influence are determined at 1 ,2  and 
4 hours after application of the chemical. 
A conceptual response series provides a basis for interpretation of tactic and kinetic 
behavioral responses observed through the arena assembly method (Fig. 2). 



11 

Type A: Attractant;  Local 
400 

c ; -200 
-400 

---_ 

400 , -I 

-400 4 I 
0 1 2 3 4  

Hours 

Type B: Attractant;  Dlffusing 
400 , 

-400 Influence 

0 1 2 3  

Hours 

Type C:  Repellent;  Non-lethal 

-400 
0 1   2 3 4  

Hours 

Type  D:  Repellent;  Lethal 
400 

c ; -200 
-400 

'. --__ 
0 1   2 3 4  

Hours 

Fig. 2. Possible response patterns of nematodes to chemicals placed in the drop zone (Fig. 
1) of the arena assembly template. Type A: There is a localized attractant effect of the 
chemical  in the drop zone, but  the  effect does not  spread over time; nematodes from the 
area of influence are attracted into the drop  zone.  Type B: The attractant material in the 
drop zone gradually diffuses; nematodes  in the area of influence initially decrease in 
number as they emigrate to the drop  zone  but are later  replenished  from surrounding 
areas as the attractant spreads. Type C: Nematodes move away from both the drop  zone 
and the area of influence. Type D: Nematodes  in the drop zone are killed by contact 
with the repellent, those in the area of influence move away. Not  shown  is the no- 
response pattern where there is no  response  to  the  material  and nematode abundance in 
the drop zone and area of influence does  not  change. 

Sample Results 
Juveniles of Meloidogyne javanica are attracted to sterile root exudate of alfalfa 
(Medicago  sativa) and corn (Zea  mays) using the arena assembly method (Fig. 3). They 
also appear  to  be attracted to the water-soluble  vitamin biotin, which acts as a cofactor  for 
enzymes involved in carboxylation reactions,  and  to a lesser extent to the flavonoid,  4,7- 
dihydroxyflavanone (Fig. 4). Under the hypothesis  that  more  than one component  of  root 
exudates may be necessary to  attract  nematodes to plant  roots, we tested the effect  of a 
combination of biotin and  4,7-dihydroxyflavanone; the attractant effects of the chemicals 
individually were negated (Fig. 4). 
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Fig. 3. Temporal and spatial response ofjuveniles ofhfeloidogyne juvunicu to sterile 
root exudate of alfalfa and corn. 
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Fig. 4. Temporal and spatial response ofjuveniles of Meloidogyne javanica to biotin, 4,7 
dihydroxyflavanone and to biotin and 4,7 dihydroxyflavanone in combination. 

Discussion 
We believe that we  now have a reliable and repeatable assay for "attractant and repellent" 
compounds from root exudates that recognizes that both taxes and kineses may be 
involved. 
The development of these methods, our climb up the learning curve, and the 
disappointment of endless negative results by earlier methodology have "burned out" 
three technical staff, resulting down-time associated with recruitment and training of new 
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personnel. Key players are now  in place and the methodology  seems  reliable.  We will 
proceed  with the screening of other likely candidates  from the root exudate component 
list (Table 1). 
Thus  far, ow approach has been  mainly  reductionist.  We  have  been testing individual 
extract  components.  Conceivably, the attractant  signal of roots to nematodes could be a 
mixture of molecules. So, in parallel with the screening of individual  compounds, we 
will  be  taking an analytical approach. We have  collected  alfalfa  root exudate under 
sterile conditions and will test its affect  at  various concentrations. Within the next month, 
we  will  start the fractionation of root  exudate  from Medicago  truncatula. That will allow 
testing of purified and  uncontaminated  fractions.  Both  attractant  and repellent 
compounds are of interest. Attractants  allow the strategy of confusing nematodes by 
providing an array of blank  signals; repellents suggest the possibility of negating 
attractant forces in  root exudates. 



Summary and Conclusions 

The Project Summary Form is not applicable to the activities and progress of this 
preliminary research. Further, it could  not  be  downloaded  into this report. 
The pertinent requested information follows: 

A. Proposal Title: Behavior Modification in Nematode Management. 
B. Principal Investigator: Howard Ferris and Donald Phillips. 
C. Alternative Practices: Target pests  are plant-feeding nematodes; alternative practices are to 

provide chemical stimuli that confuse nematodes or attract them to repositories of toxins or natural 

D. Summary of Project Successes: The project investigated many approaches to assaying taxes and 
enemies. 

kineses in nematodes. A reliable arena  method  was  tested  and developed. A range of flavonoid 
and phenolic compounds was  tested  as attractants and repellants. 

E. Number of Participating Growers: Not applicable. 
F. Total Number of Acres in Project: Not applicable. 
G. Number of Project Acres under Reduced Risk Not applicable. 
H. Total Acres of Project Crop: Not applicable. 
I. Non-project Reduced Risk Acres: Not applicable. 
J. Number of Participating PCAs: Not applicable. 
K. Cost Assessment: Not applicable. 
L. Number of Field Days: Not applicable. 
M. Attendance at Field Days: Not applicable. 
N. Number of Workshops/meetings : Not applicable. 
0. Workshop Attendance: Not applicable. 
P. Number of Newsletters: Not applicable. 
Q. Number of Articles: Not applicable. 
R. Number of Presentations: Mentioned in approximately six presentations to grower groups and 

S. Other Outreach Activities: None. 
professional society colleagues.. 

Note this research is still in the exploratory  and  development phase. Outreach activities 
will accelerate later when we  have  information  to  extend. 



16 

References 
Castro,  CE, Belser, NO,  McKinney,  HE,  Thomason, IJ. (1989) Quantitative bioassy for chemotaxis with 

Graham, TL (1998) Root Exudates: methods of analysis and ecological significance. Technical Note: 530- 

1. Award F, Rbmheld V, Marschner H (1994) Effect  of root exudates on mobilization in the rhizosphere 

2. Bar-Ness E, Hadar Y, Chen Y, Romheld V, Marschner H. (1992) Short-term effects of rhizosphere 

plant parasitic nematodes. J. Chem. Ecol. 15:1297-1309. 

60001. University of  Guelph,  Canada 

anduptake  of iron by wheat. Plant and Soil 165:213-218 

microorganisms on Fe uptake from microbial siderophores by maize and oat. Plant Physiol. 
100:451-456 

mycorrhizal symbiosis. Appl.  Environ. Microbiol. 55(9):2320-2325 

allelopathic potential of sorghum hybrids on wheat. J. Chem. Ecol. 21(6):775-786 

under hydroponic and sterile conditions. Soil Biol.  Biochem.  27(1):71-77 

cucumber seedlings grown in nutrient culture. J Chem.  Ecol. 11(3):279-301 

Pinus rigida Mill. seedlings. New Phytol. 116:99-106 

2. Bicard G, Pichi Y (1989) Fungal growth stimulation by C02 and root exudates in vesicular-arbuscular 

4. Ben-Hammouda M, Kremer RJ, Minor HC, Sarwar  M. (1995) A chemical basis for differential 

5.  Benizri E, Courtade A, Guckert A (1 995) Fate of  two microorganisms in maize simulated rhizosphere 

6. Blum U, Dalton BR (1985) Effects of ferulic acid, an allelopathic compound, on leaf expansion of 

7. Cumming JR, Weinstein LH (1990) Utilization of AIP04 as a phosphorous source by ectomycorrhizal 

8. Curl EA, Truelove B (1986) The Rhizosuhere. Springer-Verlag,  Berlin.  pp288 
9. d'Arcy-Lameta A (1986) Study of soybean and  lentil root exudates 11. Identification of some 

10. Dakora FD, Joseph CM, Phillips DA (1993) Alfalfa (Medicago sativa L.) root exudates contain 
polyphenolic compounds, relation with plantlet physiology. Plant and Soil 92: 113- 123 

11.  Dinkelaker B, Rbmheld V, Marschiner H (1989) Citric acid excretion and precipitation of calcium 
isoflavonoids in the presence ofRhizobium meliloti. Plant Physiol. 101:819-824 

12. Djordjevic MA,  Redmond  JW, Batley M, Rolfe  BG (1987) Clovers secrete specific phenolic 
citrate in the rhizosphere of white lupin (Lupinus albus L.). Plant Cell Environ. 12:285-292 

coumpounds which either stimulate or repress nod gene expression in Rhizobium trifolii. EMBO J. 
6(5):1173-1179 

Appl. Environ. Microbiol. 53:1928-1933 

angiosperms and their  hosts. Plant Physiol. 116: 1-7 

Rhizobium reversed by other compounds present in plants. Nature 324:90-92 

in solarized soil. Phytopathology 82:320-327 

in seed  and root exudates. Plant Physiol. 95594-603 

procedure for plant and microbial aromatic secondary metabolites. Plant Pbysiol. 95:584-593 

inducers released from alfalfa seeds and roots. Plant Physiol. 91:  1138-1  142 

Publisher, Dubuque, Iowa. p. 378-381 

rock phosphate by rape. Plant and Soil 140:279-289 

exudation of organic acids as a response to P-starvation.  Plant and Soil 113: 161-165 

temperature , fertility and growth stage. Can. J. Soil sci. 50:183-189 

13. Elias KS, Safir GR (1987) Hyphal elongation of Glomus fasciculatus in response to root exudates. 

14. Estabrook EM, Yoder JI. (1998) Plant-plant communications: rhizosphere signaling between parasitic 

15. Firmin JL, Wilson KE, Rossen L, Johnston AWB (1986) Flavonoid activation of nodulation genes in 

16. Gamliel A, Katan J (1992) Influence of seed  and root exudates on fluorescent pseudomonads and fungi 

17. Graham TL (1991) Flavonoid and isoflavonoid distribution in developing soybean seedling tissue and 

18. Graham TL (199 1) A rapid, high resolution high performance liquid chromatography profiling 

19. Hartwig UA, Maxwell CA, Joseph CM, Phillips DA (1989) Interactions among flavonoid nod gene 

20. Hausenbuiller RL (1985) Soil Science: Princiules &Practices 3rd Edition. Wm. C. Brown Company 

21. Hoffland E (1992) Quantitative evaluation of the role of organic acid exudates in the mobilization of 

22. Hoffland E, Findenegg GR, Nelemans JA (1989) Solubilization of rock phosphate by rape 11. Local root 

23. Ivarson  KC, Sowden FJ, Mack AR (1970) Amino-acid composition of rhizosphere as affected by soil 



17 

24. Johnson JF, Allan DL,  Vance CP, Weihlen G (1996) Root carbon dioxide fixation by phosphorus- 
deficient Lupinus albus: contribution to organic acid exudation by proteoid roots. Plant Physiol. 

25. Jones DL, Darrah PR (1994) Role of root derived organic acids in the mobilization of nutrients from the 
112:19-30 

26. Jones  DL, Edwards AC, Donachie K, Darrah PR (1994) Role  of proteinaceous amino acids released in 
rhizoshpere. Plant and Soil 166:247-257 

27. Kapulnik Y ,  Joseph CM, Phillips DA (1987) Flavone limitations to root nodulation and symbiotic 
root exudates in nutrient acquisition from the rhizosphere. Plant and Soil 158: 183-192 

28. Kloss M, Iwannek KH, Fendrik I, Niemann EG (1984) Organic acids in the root exudates of Diplachne 
nitrogen fixation in alfalfa. Plant Physiol. 84:1193-1196 

29. Kraffczyk I, Trolldenier G, Beringer H (1984) Soluble root exudates of maize: influence of potassium 
fusca (Linn.) Beauv. Environmental and Experimental Botany 24(2): 179-188 

30. Lipton DS, Blanchar RW, Blevins DG (1987) Citrate, malate, and succinate concentration in exudates 
supply and rhizosphere microorganisms. Soil Biol. Biochem. 16(4):315-322 

31. Lynch JM (1990) The Rhizosuhere. John Wiley & Sons, Chichester, England. pp. 458. 
from P-sufficient and P-stressed Medicago  sativa L. seedlings. Plant Physiol. 85:315-3 17 

32. Martinez-Toledo MV, de la Ruhia T, Moreno J, Gonzalez-Lopez J (1988) Root exudates ofZea mays 
and production of auxins, gibberellins and cytokinins by Azotobacter  chroococcum. Plant and Soil 
110:149-152 

and the acetylene-reduction activity of azotobacter  chroococcum. Soil Biol. Biochem. 20(6):961- 
962 

34. Masaoka Y ,  Kojirna  M, Sugihara S, Yoshihara T, Koshino M,  Ichihara A (1993) Dissolution of ferric 
phosphate by alfalfa (Medicago sativa L.) root exudates. Plant and Soil 155/156:75-78 

35. Maxwell CA, Hartwig UA, Joseph CM, Phillips DA (1989) A chalcone and two related flavonoids 
released from alfalfa roots induce nod genes of Rhizobium meliloti. Plant Physiol. 91342-847 

36. Maxwell CA, Phillips DA (1990) Concurrent synthesis and release ofnod-gene-inducing flavonoids 
from alfalfa roots. Plant Physiol. 93:1552-1558 

37. Mench  M, Martin E (1991) Mobilization of cadmium and other metals from two soils by root exudates 
ofZea mays L., Nicotiana  tabacum L.  and Nicotiana  rustica L. Plant and Soil 132:187-196 

38. Moghimi  A, Tate ME, Oades JM (1978) Characterization ofrbizosphere products especially 2- 
ketogluconic acid. Soil Biol. Biochem.  10:283-287 

39. Muller S, Van  Der Merwe A, Schildhecht H, Visser JH (1993) An automated system for large-scale 
recovery of germination stimulants and other root exudates. Weed Science 41:138-143 

40. Ptrez FJ, Ormefio-Nufiez J (1991) Root exudates of  wild  oats: allelopathic effect on spring wheat. 
Phytochemistry 30(7):2199-2202 

41. PCrez FJ,  OrmeAo-Nufiez J (1991) Difference in hydroxamic acid content in roots and root exudates of 
wheat (Triricum aestivum L.) and rye (Secale cereale L.): possible role in allelopathy. J. Chem. 
Ecol. 17(6):1037-1043 

meliloti nodulation genes. Science 233:977-979 

of Rhizobium meliloti nodulation genes. Plant Physiol. 88:396-400 

expression ofnodulation genes in Rhizobium, Nature 323(16):632-634 

graminaceous species: an ecological approach. Plant and Soil 130:127-134 

33. Martinez-Toledo MV, Moreoo J, de la  Rubia T, Gonzalez-Lopez J (1988) Root exudates ofZen mays 

42. Peters N K ,  Frost JW, Long SR (1986) A plant flavone, luteolin, induces expression of Rhizobium 

43. Peters NK, Long SR (1988) Alfalfa root exudates and compounds which promote or inhibit induction 

44. Redmood J W ,  Batley M, Djordjevic MA, Innes RW, Kuempel PL,  RoIfe  BG (1986) Flavones induce 

45. Rtimheld V (1991) The role  of phytosiderophores in acquisition of iron and other micronutrients in 

46. Rovira AD (1969) Plant root exudates. Bot, Rev.  35:35-57 
47. Schwab SM, Leonard RT, Menge JA (1984) Quantitative and qualitative comparison ofroot exudates 

48. Smucker AJM, Erickson AE (1987) Anaerobic stimulation of root exudates and disease of peas. Plant 

49. Son K, Severson RF, Snook ME,  Kays SJ. (1991) Root carbohydrate, organic acids, and phenolic 

of mycorrhizal and nonmycorrhizal plant species. Can. J. Bot. 62:1227-1231 

and Soil 99:423-433 

HortScience 26(10):1305-1308 
chemistry in relation to sweetpotato weevil resistance. 



18 

50. Svenningsson H, Sundin P, Liljenberg  C (1990) Lipids, carbohydrates and amino acids exuded from the 
axenic roots ofrape seedlings exposed  to  water-deficit stress. Plant Cell Environ. 13:155-162 

51. Tang CS, Takenaka T (1983) Quantitation of  a bioactive metabolite in undisturbed rbizosphere-benzyl 
isothiocyanate from Caricapapaya L. J. Chem.  Eco1.9(8):1247-1253 

52. Tang CS, Young CC (1982) Collection and identification of allelopathic compounds from the 
undisturbed root system of bigalta limpograss (Hemarthria altissima). Plant Physiol. 69:  155-160 

53. Treehy M, Marschner H, RBmheld V (1989) Mobilization of iron and other micronutrient cations from 
a calcareous soil by plant-bome, microbial, and synthetic metal chelators. Plant and Soil 114:217- 
226 

identification and characterization of phytotoxic constituents. J. Chem. Ecol. 18(5):683-691 

253 

Chem.  Ecol. 20(1):21-31 

54.  Yamane A, Nishimura H, Mizutani J (1992) Allelopathy  of  yellow fieldcress (Rorippa sylvestris): 

55.  Young CC (1984) Autointoxication in root exudaes ofAsparugus oflcinalis L. Plant and Soil 82:247- 

56. Yu JQ, Matsui  Y (1994) Phytotoxic substances in root exudates of cucumber (Cucumis sativus L , ) ~  J. 


	Title Page
	Disclaimer
	Acknowledgements
	Table of Contents
	List of Figures and Tables
	Executive Summary
	Introduction
	Objectives
	Premise

	Results
	Preliminary Methodology Tests
	Arena Assembly Method Testing
	Sample Results

	Discussion
	Summary and Conclusions
	References
	Table 1 Root Exudate Components
	Table 2 Summary of Preliminary Methodological Tests
	Fig 1 Arena Assembly Template
	Fig 2 Behavioral Response Patterns
	Fig 3 Behavioral Responses to Root Exudates
	Fig 4 Behavioral Responses to Biotin and 4,7 Dihydroxyflavanone

